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Salting-Out Solvent Extraction Method for
Determining Low Levels of Nitroaromatics and Nitramines in Water

PAUL H. MIYARES AND THOMAS F. JENKINS

INTRODUCTION Table 1. Water quality criteria and measurement
capability for RDX and TNT.

In 1984. Jenkins et al. developed a reversed-phase.,~ Coit olIt
high-performance liquid chromatographic (RP-l-C) _______ _____RI) 7A.7_

method for the simultaneous determination of 2,4.6-
trinitrotoluene (TNT), hexahydro- I .3.5-ttinitro- I .3,5-tni- Water qualti criteria
azine (RDX). octahlydro- I .3.5.7-tetranitro- I .3.5.7-tetr-a- U.S. NaysN HUMED 198011 5(

U.S. AM13RDL (NR( 1982) 310 II0
zocine (HMX) and -' 4-dinlitrotoluene (2.4-DNT) in U.S. EPA IQ9sai. 1989) 2 2

munitions wastewater. TNT. RDX and HMX are explo- Current measurement capaiiit%
sives commonly used by the Army. and 2,4-DNT is a RP4I1PLC
byproduct in the production of TNT. Although munitions DWmtotiekn t! 95) (( .

wastewater is currently treated by carbon adsorption Solid-phase eCtraction (Bich inp and 7.7 1.0

columns before discharge, these carbon columns have a Summer 1986

finite sorptiotn capacity and effluent must be tested to Solid-phase extraction IValis et al. 19891 7.5 1.,

determnine if it mneets regulatory limits. GG-ICD

While developing a companion method for the deter- Toluene e\traction itBelkin ci al. 11)8; 1___ .0

mination ofexplosive residues in soil (Jenkins and Walsh Method not recomimended for R[)X tielkin ci a!. 11)NS

1987. Jenkins et al. 1988b. Baucret al. 1989). anl improved
protocol was also developed for the direct detemiination
of explosives in water (Jenkins et al. I 988a). Thisimethod chromatog raph-elect roil capture detection (GC/ECI)
allowed simiultanieous determiniation ofTNT. RDX. H MX method is capable of detenni ning TNT at the 2-p eIL level
and 2.4-DNI'as well as I .3.5-trinitrobenizene (TNB). 1.3- but is not suitable tor RDX due to pooKrextract ionl efficiency
dinitrobenzene (DINB3) miethiyl-2,4,6-trinitropllenyl- (Belkin et al. 1985 ).'
nttramtne (tetryl). nitrobenzene (NB3) and the ortho. meta The objectiveof thisstudy is todevelop a procedure toi
and para isomers of nitrotoluene to-NT. in-NT. p-NT). detenninin2 very low concentrations, of munitions In
Certified ReportingLimiits (USA TH-AMA 1987) for this (,round water. The mietlkxl must permit simultaneous
method ranged from 4.0 pgIL for DN13 up to 44 pgIL for detennination of those solutes most often observed inl
tetrvl. These limits satisfied thle effluent discharge mlunlitionIs-conltainaliltedI 1-1ound V, ater. Thlis includes,
requirements, as well as drinking water limits. for TNT seveial explosives, (IINMX. RI)X. TNT). produtttet iln-

and RDX inl effect at that time. puritiest 1NI3. 2.4-D3NT. 2.6-l)Ni) anddegtadanon pto
Recently the EPA issued two health advisories that ducts such as ['N I. 2-am tmo-4-d (vtttrotol ucnle 1 2-Al,--

specitied substantial reductions Ii thleacceptable levels ot DNT) and 4-an i ino- 2.6-d i t 1t Iotouen (4-Ant-W l)
RDX and TNT it drntking water ( SFPA I 9X8a. 19t89). Certified repotitt, liinits (RI .s should he below the
Lifetime Health Advisories lIlA I limits of 2 pgiL. ate regulatory c-onceitrat tons Ii ) R DX atild TINT ICL ut ted h\5
proposed for both R D)X and TNT. The Cur-ent RP- I I PLl-C the FPlA. Ch'llorintated and atomnatic solx cots, slicnild bc
tnietiiod(, empilloying d(ii ect injection (Jenkiis eti. a1 -I988Xa 1 vodc i i i i eha , ikta aI s.1t cd

is nlot sufficiently sensitive foir either analvte. Plishe11d
sol 1(-phase extraction methods for sample preconcen- nuiietitol6N. I.I.5iis t i'ikitI

tration (IBicking and Summer 1986. Valis et al. 1989) are An unubiw' . has liiiessdib\ R. hell V. \lt i i 1Is

also not sensitive etnough to meet thle EPA c rite riotn lot thanl I pg1 ti iniv Is eni C \traL1in. GU -I- (1) W111rs 1111111il ii

RDX (Table I Ilhe best published solvent extractiotn, g~as caii



the introduction of environmentally -incompatible Matkovich and Christian 1973, Nagaosa 1980, Mueller
chemicals from laboratory waste into the environment, and Lovett 1987). An inorganic salt such as sodium

A method with some form of a.preconcentration step chloride (NaCI)orcalcium chloride (CaCI2) isaddedtoan
is necessary to reduce CRLs below current regulatory aqueous solution at concentrations nearsaturation, which
limits. Three possible precoiicentration procedures were then forces phase separationofotherwise miscibleaqueous
considered: solutions from polar solvents such as acetone and

" Conventional liquid-liquid extraction; acetonitrile (ACN). Any solutes present will partition
• Solid sorbent extraction; and between the two phases. While partition coefficients for
• Salting-out extraction. organic solutes were unavailable in the literature, it seemed
Spanggord et al. (1982) described a conventional reasonablethatfavorablepartitioningtotheorganicphase

diethyl ether extraction of munitions wastewater prior to is likely.
packed-columnGCwithflame ionization detection(FID). Several theories have been proposed to explain the
This method had the capability of determining 30 nitro- salting-out phenomenon. One postulates that an increase
aromatic compounds with at least 90% recovery and a in the internal pressure of the solution created by the
precision of± 10% at the lower limit of the standard curve addition of a salt decreases the solubility of the solvent
(100 lag/L). Phillips et al. (1983) employed a methylene (Bockris and Egan 1946, Mukerjee 1965). Another sug-
chloride (MeCI,) extraction of nitroaromatics from bio- gestion is that preferential solvation of ionic salts by water
sludge, and determination by gas chromatography thermal reduces the availability of water to associate with solvent
energy analyzer (GC/TEA). They reported a detection (Mukerjee 1965, Matkovich and Christian 1973). Other
limit of 500 gg/L and a dynamic range covering four theories include a van der Waals hydration energy effect
orders of magnitude. Neither of these methods satisfies and electrostatic effects (Matkovich and Christian 1973).
current regulatory requirements. Also, extraction efficiency Despite the absence of a generally accepted, compre-
for HMX and RDX using MeClI has been found to be hensive theoretical description of this phenomenon, the
poor(Miyares. unpublished). Belkin etal. (1985)described technique can be used effectively. Matkovich and Christian
a conventional toluene extraction procedure for water (1973) discussed the many salts that are effective at
prior to capillary GC/ECD. Excellent quantitative results salting-out organic solvents. Nagaosa (1980) and Mueller
were reported for TNT, 2.4-DNT, 2,6-DNT and tetryl. and Lovett (1987) demonstrated that acetonitrile can be
with detectable levelsofapproximately I .g/L. However, salted out, which is of special interest to this study.
quantitation of RDX was impractical because of the low The idea of employing this technique for preconcen-
percent recovery with toluene. trating polar organic solutes arose out of an observation

Solid sorbents have also been used to extract explo- made during the development of a method to determine
sives from water. Maskarinec et al. (1984) and Richard explosive residues in soil (Jenkins et al. 1988b. Bauer et
and Junk (1986) described methods that employ XAD al. 1989). In this method, aqueous CaCI, is routinely used
series and Porapak series R and S resins. Analytes are to flocculate particulates in soil extracts. When the con-
recovered from the resins using polar solvents such as centration of CaCI, was high, normally miscible water
ethyl acetate or acetone. Maskarinec et ai. employed and acetonitrile were observed to form separate phases in
HPLC-electrochemical detection (ED) for determina- the sample vial. Analysis of the two phases revealed that
tion, while Richard and Junk employed GC/ECD. Mas- the nitroaromatics and nitramines were predominantly
karinec et al. indicated that breakthrough of the analytes found in the acetonitrile layer. A review of the literature
occurred, resulting in low recovery. Their method of at that time did not indicate that salting-out solvent
separation employs gradient elution RP-HPLC. which extraction had been used for extracting polar organic
introduces an extended sample turnaround time. Richard analytes from water. During the course of the work
and Junk reDorted that incomplete dissolution of coin- described below. Hertz et al. (1989) published an abstract
oounds from tne resins led to low recoveries. Despite the in which they discussed the use of a salting-out extraction
low percent recovenes, the use of solid sorbents is an torecoverpolarorganic solutes from an aqueous solution.*
option. The methods are easy to use and include the
potential for extracting samples in the field as well as in EXPERIMENTAL METHODS
the laborator).

The concept that nonnally miscible solvents could be Instrumentation
salted out ot aqueous solutions has been known lor nianv All RP-HPLC determinations were performed on a
years. Salting-out has been used forextracting metals and modular system comprising the following components:
organometallics from aqueous solutions by comnlexing
the metals with organic ligands and extracting with a Wc recently collaborated on a parpcr that introduces this concept 10
salteo-out organic solvent (Bockris ant igan 194t,, a larger audience (LeggetI cia N19)()).

2 i I l ll i l l



• A Spectra Physics Model SP8810precision isocratic Preparation of individual stock standards
pump; Individual stock standards of RDX. TN B, DNB, TNT,

• A Dynatech Precision Autosampler, Model LC- 2,4-DNT, 2,6-DNT, 2-Am-DNT and 4-Am-DNT were
241,equippedwithaRheodyneModel7010Asample prepared by measuring about 100 mg of each dried
loop injector and a 100-p.L loop; standard material (weighed to the nearest 0.01 tug).

" A Spectra Physics Model SP8490 variable- transferring them toindividual250-mtLvolumletricflask.s
wavelength UV detector set at 254 nm; and diluting to volume with acetolitrile. Stoppered joints

" A Hewlett Packard Model HP3393A digital were wrapped with Parafilm to retard evaporation, and
integrator equipped with a Hewlett Packard Model solutions were stored at 4°C in the dark. The concentra-
HP9114B disk drive; and tions of the analytes in these stock solutions were approx-

• ALinearModel 500orCole Palmer Model 8373-30 imately 1000 mg/L.
strip chart recorder.

An autosampler unit was used to introduce samples by Initial calibration
flushing a I00-.L loop for60 seconds at a rate of 0.5 mL/ We prepared a combined analyte calibration stock
min. The analytes were separated on a 3.3-cm x 4.6-mm standard by combining 2.00 mL of each of the RDX.
ID Supleco LC-8 (3-pm) reversed-phase column eluted TNB. DNB. TNT, 2,4-DNT, 2.6-DNT. 2-Am-DNT and
with a ternary eluent of water, methanol (MeOH) and 4-Am-DNTindividual stock standards in a 100-mL volu-
tetrahydrofuran (THF) (70.7/27.8/1.5. v/v/v) at a flow metric flask and diluting to volume with ACN (STD A).
rateof2.OmL/nin. Thedigital integrator was prograammed The concentrations of the analvtes in this standard were
to measure peak heights, which has shown better repro- approximately 20 mg/L. From the combined analyte
ducibil ity than the automated peak area measurements for calibration standard, a series of calibration solutions were
low-level samples. prepared as outlined in Table 2 (STDs B-M). Duplicate

2.00-mtL aliquots of each calibration solution were each
Chemicals combined with 6.00 mL of Milli-Q water, shaken by hand

Analytical standards for RDX.TNB, DNBTNT, 2,4- and analyzed in random order. The acceptability of a
DNT and 2,6-DNT were prepared from Standard linear model for each analyte was assessed by using the
Analytical Reference Materials (SARMs) obtained from protocol specified in the USA THAMA QA Program
the U.S. Army Toxic and Hazardous Materials Agency (2nded..March 1987). Experience has shownthat a linear
(USATHAMA). Aberdeen Proving Ground, Maryland. model with. a zero intercept is appropriate. Therefore. a
Standards for 2-Am-DNT and 4-Am-DNT were obtained response factor for each analyte can be taken as the slope
from Dr. David Kaplan. U.S. Army Natick Laboratories. of the best-fit regression line.
Natick. Massachusetts. and their identity was confined
by GC/MS analysis (Table B8). Standards were dried to Daily calibration
constant weight in a vacuum desiccator over dry calcium Dailycalibration was obtained using standard B (Table
chloride in the dark. 2). A 3.00-ml aliquot of standard B was combined with

The methanol used in preparing the eluent was Baker
HPLC-grade. the acetonitrile (ACN used to extract sam- Table 2. Dilutions for initial calibration
pies and prepare standards was Mallmnckrodt ChromAR standards. All dilutions are in ACN.
HPLC-grade, and the THF used in the eluent was either
Baker HPLC or Aldrich HPLC-grade. The water used for , Iut,

.Clandortd Sl.:c //.,, (" f 'llt l n,~~ I',
preparing eluent and spiked sample solutions was purified S h , ,mL , pC L it .,L

using a Milli-Q Type I Reagent-Grade Water System
(Millipore Corp.). The mobile phase was prepared by A* 20.om
combining tme proper portions of each component and B 25 of A 50 IU.001,

vacuum filtering through a Whatman CF-F microfiber C 25 of A 100 5CC ,

tilterto remove particulate natterand todegas the eluent. D 10 of B CC 2.00(
E IJio "B I1II(((

The ground Nater used to simulate field samples was 0 0 SC))

acquired from deep ground water aquifers in either I of A 100 20C
Hanover, New Hampshire, or Weathersfield, Venuont. H I of B 10CC 100
Contaminated ground water samples were provided by I olc 100

JI ofD 100 '
the Missouri River Division La matory.Omaha. Nebraska. K , , HC,

or the Waterways Experiment Station. Vicksburg. Mis- i Ci F CC -
sissippi. The NaCI was Baker reagent-grade crystalN. C o G litW

3 ' ltl~ . nI,'tOlb l~ ll~lt 'i;l 1 .~t.I,



9.OOmLofMilli-Qwaterinascintillationvialandshaken rinsed with acetone, and then rinsed again with Milli-Q
by hand. This daily calibration standard sample was water. The glassware was filled with Milli-Q water and
analyzed in duplicate at the beginning of each day of allowedtostandovemight. Inmediatelypriortotheiruse.
analysis, singly at the midpoint and singly at the end of the Kudenta-Danishconcentrators were rinsed with ACN,
each day of analysis. The response factor for each analyte and all other glassware (separating funnels, cylinders, etc)
was obtained from the mean peak height and compared was given a final rinse with Milli-Q water.
with the response factorobtained for the initial calibration. A 400-mL aliquot of each ground water sample was
The mean response factor for the daily calibration must measured with a graduated cylinder and added to a 500-
agree within ±25% of the response factor of the initial mLseparatingfunnel.A 130-gportionofNaCl wasadded
calibration for the first seven daily calibrations and within to each sample. and the samples were shaken until all of
two standard deviations of the initial calibration for sub- the NaCI was dissolved. Then I(X) mL of ACN was
sequent calibrations. If this criterion was not met. a new pipetted into each sample and the funnel shaken vigorously
initial calibration was obtained, for 5 minutes (Nagaosa 1980). The phases were allowed

to separate for 30 minutes prior to removal of the aqueous
Preparation of solutions for reporting limit tests (lower) layer. The ACN (upper) layer (-23 mL) was

A combined analyte spiking stock solution was pre- collected in a40-mLTeflon-capped vial. Each separatory
pared by combining 2.00 mnL each of RDX, TNB. DNB. funnel was rinsed with a 5-mL aliquot of fresh ACN, and
TNT, 2,4-DNT. 2,6-DNT, 2-Am-DNT and 4-AM-DNT the rinsate was added to the collected ACN sample. If the
in a 250-mL volumetric flask and diluting to volume in collected sample was turbid, it was centrifuged in the 40
ACN (STD N). The concentrations of the analytes in this mL vial ai 4000 rpn's for 5 r.in, and the ACN (upper)
solution are approximately 80(0 pg/L. From the corn- layer was removed with a Pasteur pipette and transferred
bined analytes spiking stock solution, a series of spiking to a clean vial. The ACN volume was then reduced to less
solutions were prepared as outlined in Table 3 (STD P- than I mL using a Kudema-Danish microconcentrator.
Y). cooled and brought up to 1.00 mL with ACN. and the

Solutions used to estimate Certified Reporting Limits concentrate was combined with 3.(X) mLof Milli-Q water
were prepared by pipetting a 4(0-mL volume of Milli-Q in a scintillation vial. This diluted solution was poured
water into a 500-mL separating funnel and adding 1.00 back through the Kudema-Danish to rinse the sides of the
mL of the appropriate combined analyte spiking solution reflux column and flask, and then was transferred back
(Table 4). into the vial. The entire procedure is outlined in Figure 1.

Analytical control samples were preparedat aconcentration
Sample extraction and analysis of 2.0 pagiL each of RDX, TNB. DNB, TNT. 2.4-DNT,

One day prior to each day of extracting samples, all 2.6-DNT. 2-Am-DNT and 4-Am-DNT in reagent-grade
glassware used forsample preparation andextraction was water. This control sample was treated in an identical
washed with soap and water, rinsed with Milli-Q water, manner to the ground water samples described above.

Table 3. Dilutions series for spiking solu- Table 4. Dilution series for CRL
tions for reporting limit tests. All dilutions study, spiking solution prepara-
are in ACN. tion.*

Aliu1ot of" Si--e (if Appro~t. ,aahte Spl l". /11") +!! , hill'd

statdar,1d ofj7a.k coIItIentraluI I(iI .A t' si k NV"1ition

Stan I d emL (L) g/L.)
.. .. . . . . .. . 5 (}(I 5 (1

N * SO() 2S)X

P 2 o N 50 4(000) IOffx 10

Q 2(1 (i N 100 1600 5OX

R 10 of N 100 800 IOX 2

S of N 100 401 X SI 5( OX

I2 ol N 100 60 2N* It) 2(10)X
I I ol N I00 S I21 I l x
V I tt P t01) -40( 0.5N*' I of 5(X

1' I 1 Q 100 16

X I ol R 110 8 Final CO[Well(lliltmlx. ;lC gl~ o.'ll l'tblc 2.

Y It of 10 4Al itio ,aci,10m .nxfu ihc

* Solutio.n N is the combined analyte spiking stock These spking solutions %%ere dililed hioni

standard. higher ctorCCiIration dilutions as shltm I.
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Eluent Reservoir 400 mL 130 g NaC(
(70.7/27.8/1.5 v/v/v Aqueous Sample Dissolved
H20/MeOH/THF) I

IPhases Separate L 100

Isocratic Pump (30 (shake 5 min)

(2 .0 m l min)

Recover ACN Layer Ris
Sample Injector (-23 mL) Rinse
(100 pL / loop) Separator Funnel

(5 mL ACN,combine with
recovered ACN layer)

Column LC-8
(3.3 cm x 4.6 mm:3-jm particle size) N

Boil down ACN Sample Is Sample Turbid?
to <1 mL. Bring up to

1.0 mL volume with ACN
Detector ] [ I

(UV: 254 nm) Centrifuge

Combine Sample Turbid Sample
with 3 mL H20 (4000 rpm for 5 min.

Waste Reservoir ] remove ACN layer with
Pasteur pipette)

LChart Recorder Digital Integrator

hromatogram

Fi,'ure I. Sultin, -out extraction protocol.

RESULTS AND DISCUSSION out ACN. Saturated aqueous solutions of each salt were

prepared. The CaClI solution required 298 g to saturate
Sample extraction and preconcentration 400 mL of water, while the NaC1 solution required only

A number of basic questions were addressed in the 130 g to saturate 400 mL of water. Upon saturation, the
course of developing this method. The first of these was temperature of the CaCl, solution rose to 55 0 C the NaCI

which salt-solvent combinations would be compatible solution temperature renained nearambient. Warming of

with salting-out extraction. Matkovich and Christian the solution is undesirable because the compounds are

1973)tested many mono-.di- andtri-valent salts fortheir thetnally labile and because a significant length of time

salting-out efficiency. They reported that alumlinum would be required to cool the samples before proceeding

chloride (AICI ). magnesium chloride (MgCl,) and cal- with extractions. When we added ACN to the saturated

cium chloride (CaCI ) were the most efficient saltijg-out solutions, we observed phase separation forboth the NaCI

agents, but indicated-that aluminum chloride would be a and CaCl, solutions when 1() :nL of ACN was added.

poorchoice due to its vigorous reaction in water. Because recovering-23 mL and-21 mL, respectively. Neither salt

Jenkins et al. (1988b) had reported phase separation of was observed to precipitate upon addition of ACN. The
water and ACN using CaCI, and ACN is anl excellent basicdifferencesbetween usingNaClandCaCl,.then.are
solvent for both nil'toaroaltic" and nitramines, we cided the increase in sample temperature and the- co,,t per
to test this conbination fu, rther. Also. since NaCI is sample. We chose NaCI because the sample temperature

available in high purity at a low cost, it was included in the remained at ambient and Icause it was signi licant Iv less

study for comparison, expensive.
We first compared the ability of each coil)otd It) salt The riteria for the choice of,,ol ent Inc mled its abilit ,

5



to be salted out, its extraction efficiency for the analytes, Table 6. Partition Walsh 1987). but since RDX is of
and its compatibility with reversed-phase HPLC-UV. coefficients for major interest,TtIFis undesirable
Five solvents were considered: methanol, ACN, THF. TNT and RDX be- for this application. Acetonitrile
isopropanol and acetone. The question of ability to be tween the salted- met all thecriteria required: it can
salted out was answered by measuring volumes recovered out organic solvent be salted out, the partition coeffi-
from 25 mL of Milli-Q water saturated with NaCI (8.8 o). and NaCI-saturat- cients for the analytes of interest
Tile solvents were added in appropriate amounts and th." ed water, are acceptably large, and it is
volumes of tile organic phases were measured (Table 5). compatible with reversed-phase
The results indicate that methanol is not salted out of Partitiom HPLC-UV.
aqueous solution by NaCI. Acetone is salted out, but a The ratio of ACN to NaCI in(K;,
substantial volume remains soluble in salt-saturated water. solution required for iaxinunr

.Solvew, RIDX NIonrqiefrmamuConsequently these solvents were excluded from further ACN recovery and optinum ex-

consideration. ACN 24S 1920 traction efficiency was estimated
The second criterion for solvent choice was extraction THF 994 530t, by constructing a phase diagram.

efficiency. The imp)rtant points here are solubility and This experimental detennination
partitioning. Nitroaromatics and nitramines are very sol- was patterned after a similar detemnination by MatKovich
uble in ACN and TIIF but much less so in isopropanol. and Christian (1973) in their work on saltin- out of
Since extraction; efficiency is generally correlated with acetone with CaCl,. They constructed a ternary-phase
solubility, isopropanol was expected to be less efficient diagram byplottingthepercentby weightofwater.CaCl.,
than either ACN orTlIF, and therefore it was not consid- and acetone and obtaining a curve that indicated tile
ered further, amrount of CaCi., iequired for maximun acetone recovery.

To aid in choosing between the two remaining sol- We chose volumes of water (4(X) mL) and ACN (100
vents. THF and ACN. partition coefficients were con- mL) so that the separation could be conducted in a 500-
pared for RDX and TNT. Aqueous solutions containing mLseparalory funnel.Sodiunmchloridewasadded.initially

in increments of 2 o startino at 120g. and later in smaller
increments as the concentration increased and the rate of

Table 5. Volume recovery of dissolution decreased. The NaCI reached apparent
solvents when added to 25 mL of saturation in the range of 130-132 g (5.56-5.64 mold) at
water containing 8.8 g NaCI. room temperature (-3C)

Our phase diagram was constructed by plotting the
S, ,te dded Ib rcveed ('mL) moles of ACN soluble in 4(X) mL of water vs the mole, of

NaCI soluble in 400 miL of water (Fig. 2. Table 7).
AcN tO 2.3 Concentrations of NaCI ranging
Ac tonc It <t from 0.50 mool (29.2 g) to 2.23 nol Table 7. Data
IPA I () 9 (132 g) were dissolved in 4(X) iL for phase dia-
NIC0l1 >t(0C
TIIF 10 ,'- . of Milli-Q water. Upon dissolution gram of moles

of the NaCI. I(X) mL of ACN was NaCI and moles
added. The samples were shaken of ACN soluble

high levels of TNT and RDX were prepared. The solu- vigorously for5 minutes (Nagaosa in 400 mL of
tions we-e saturated with NaCI. and,,anlple aliquots were 1980)and allowed to settle. and the aqueous solu-
extracted with each of the solvents. Both solvent extracts volumes of recovered ACN were tion (Fig. 2).
and residual aqueous phases were analyzed in each case. measured. The difference between
The results indicitte that THF is a significantly better the recovered volumes and the .VJCI .AC.A

extractant than ACN forthese conlpounds(Table6). THF original I(X) ml. sas taken as the ,,2_,/' . .il
also has a lower boiling point than ACN. so it is more amount soluble in the ternary sys- 0.5o 4.08
easily concentrated by solvent evaporation. However, ten. Tile phase diagram was con- t.) 2.,6
even I IPLC-grade Till' contains a stabilizer to prevent structed by plotting the soluble .80 t.60

peroxide fomiation. When TIIF is concentrated, this amounts of ACN in the 4(X)-mL 2.00 t.50

stabilizer reaches detectable levels. When a sample of solution against their respective 2.t t 1.42

TI IF that had been concentrated by a factor of 33 was amounts of NaCI (Fig. 2). In the ... .
analyzedby RP-lliI C- tV.:an interferinu peakeluting'at diagram. the experimental curve trctil idiluin il

tile same retention lime as RI)X was observed using our (solid line) indicates a decrease in IlIupon .iddi iol ot

primary a; ll;lylica; c dltimln( (I.C'8 ). 1'iis i nipu rity can he the soluble ACN in tile solution .s, ACN at and abo\
separated from RI)X on an I.C-CN colunl (Jel,in .and the NaCI concentration itireases tht int' l ol NjC[

(0
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solubilitY oj'ACN and NaCI in 400 inL J'HO ait Mutual Solubi lity ~ 400 ML of H20
-2cC. (2 44) o t2 O*C

02 4

mol NaCt in 400 mL of H2 0

up to 2.23 miol of NaCI in 400 mL of water. Above this Table 8. Partition coefficient (K ) between
point the soluble anount of ACN rernainsconstantat 1.40 ACN and water as a function of &4aCl (g) in
miol in 400 miL as indicated by the horizontal dotted line. 400 mL of water.
and NaCI precipitates upon the addition of additional Mcaun* K
NaCI to the systemn. Thle optimlum ratio in the phase (?I~ II0 n 10

systemn was tound to be 1.40 mlol of ACN and 2.23 miol of ..1,i/vic /00 /.S() 2.00 2.10- 2.32

NaCI in 4(X)mL of waler. Anl excess of ACN. NaCI or both
at this point will result in phase separation, precipitation RDX 170 2011 :3 9 248 246

or both. TNB 396 477 505 582 605
Tie ll11,11 f al ue i ciicl ineitha dretDNB 261 310 38 0 406 4103
Theamun o sat se i citialsiceit asa irctTNT 1300 1610 1920) 1921) 19901

effect onlthe parti tion ing oftile analytes. I fthe concent ra- 2.6-DNT 012 772 960 9)79 11)1(

tion of salt is too hiogh. thle amiount of salt associated with 2.4-DNT 831
the oroanic solvent increases. This reduces thle recovery of 2-Auii-DNT 041

solvent and consequently tile recove~ry of the analyles Ba~ed onl dilplicai dciftlllldiii.

(Nagaosa 1980). To detemiline tie point in the phase
sysem hatprcducd tle retest part itioning. the water (Duncanfs miultiple range test. a = 0.05). These results

samlples, used to construct the phase (diagram had been indicate that the mlaxim-umn paititioning occurs when tile
previously spiked with thle analytes of interest prior to NaCconcentration in the samiple is oreatertlian 2.Omnoles
phase separation. After mleasurine1- thle volumies. the con- in 400 mL.- near the optimlum ratio of ACN to MaCI. It is
centrations ot the analytes were detennined in each phase concluded that the ratio of ACN to NaCI required for
and thle p7artition Coefficients, calculated (Table 8). Tile mlaximum1,1 r-ecovery) is thle optinmum r-atio l"01 thle ,\ steml.
resnhst show that the partitioln coefficients increase with Certi fied Report ing Lim its (CRI-s ) to.- the dire ct Rl1-
thc concentration of NaCI in lOution up to 2.0nmol in-4(X) I ll)lC mnethod ran-e from 14.0 to 14 lpgeI for thle anal) tes
ml . A hx we dhis concenitrat ion tilie results inmd icate iiat fr-equen~lt l found in cont am 1i nat ed g iou i 11dil aer Jei kinl
therw is no sieiiiticant thlitlerenecc in thie partition coelhficietst, etl at. 1 9 88a . The dcstied levels tf~r this miethod arc

7
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currently less than 0.1 jag,/L forsome analytes, such as 2,4- z C
and 2,6-DNT. This would require a preconcentration

factor of at least 140. For extracts to be analyzed by RP-
HPLC. the solvent strength of the extract must be equal to mz Z

or less than that of the eluent used, or band broadening and Z

peak distortion will result. Thus, extracts must be diluted x H -

with water to decrease the solvent strength prior to Z

introduction into the HPLC. As previously mentioned, the
ACN sample was diluted 1:3 with water prior to analysis. X
This extra dilution of the sample can be compensated for R
by preconcentrating by a greater factor. A factor of 400 Retention Time (m.55)
was chosen because adequate preconcentration is achieved HMX (2.55)
and because a convenient volume of ACN (i.e. 100 mL) TNB (5.15)
and a convenient size of separatory funnel are used for DNB (6.21)

sample extraction. Therefore, a 400-mL water sample is TNT (8.32)4-ADNT (9.00)
extracted with 100 mL of ACN. Approximately 23 mL of 2-ADNT (9.28)
ACN was recovered and was further preconcentrated to 2.6-DNT (9.65)

1.00 mL with a Kudena-Danish microconcentrator. After 2.4-DNT (9.99)

dilution with 3.00 mL of water, the concentration factor - .__

achieved was 100.
One possible problem with this method is the evapora- I - I

tive preconcentration step using the Kudema-Danish 0 4 8 12
apparatus. All of the compounds of interest are thermally Time (min)
labile to some extent. We thought that some analytes
might be thennally degraded during this stage. but given Figcure 3. SepuratiQnfir the direct injection RP-HPLC

the percent recovery data, this does not appear to be the method (.lenkins et al. 1988a).

case. Regardless. a thennal degradation experiment was Column: LC-18 (25 cmx 4.6 mm, 5 PI.

conducted. In this test, spiked samples were prepared and Elent: 50/50 (v/) MeOHIHO.

analyzed before and after boiling down. The results Flow: 1.5 mL/nin.

showed that boiling had no significant effect forany of the k: 254 Inm.

analytes ofinterest. Clearly. thermal decomposition is not
a problem under the conditions employed, optimizing an isocratic separation (Meyer 1988) was

employed in an attempt to better separate the analytes. A

Separation and determination ternary combination of water:MeOH:THF (70.7/27.8/
Analyses of ground water samples from a number of 1.5) (v/v/v) eluted at a rate of 2.0 mL/min through the

cplosives-contaminated areas have shown the presence Supelco LC-8 column produced a separation of RDX.

of HMX. RDX. TNT. 2.4-DNT, 2,6-DNT, 2-Am-DNT TNB. DNB. TNT, 2,4-DNT, 2,6-DNT, 2-Am-DNT and

and 4-Am-DNT. The current direct-injection RP-HPLC 4-Am-DNTin less than six minutes, with nearseparation

method (Jenkins et al. 1988a) does not adequately sep- for all analytes except the Arn-DNT isomers (Fig. 4).
arate the two most commonly observed DNT isomers or Unfortunately we were unable to quantitate HMX due to
the amino-DNT isomers (Fig. 3) to allow accurate sirnul- substantial interference introduced by NaCI used to salt
ta.lCOU, LUarrLitat ion of these compounds. A recent ap- out the ACN. Fortunately the monitoring requirements
pliction, note from SIpelco. Inc. ( 1987) describes an for HMX are such that the direct injection method i,,

RP-I IPI.(" ,eparation of IlMX. RDX, tetryl. TNT. 2,4- adequate for H MX deteniniration (US EPA 1988b). Table
i)NT and 2.6-lNT under .ocratic conditions uIsirng a 9contains the retention times and capacity factors for the

SUplcslc I, l,(~ column-3.3 cnmx4.6nim. 3 pm packing) primary analytes and potential interferences for this
elutcd flu a mobile pha,c composed of 25 TI-IF in separation. We have not optimized the procedure to

MecOH:ateri 0:70 wt a rateof2 mL/min. We tested this achieve complete separation of TAX. SEX and tetryl
separatIon W ih the aal, te, de cribed above )Ilus the ,ince our experience indicates that these analytes are not

addit it d TN B and the two isoncrs of amino-DNT. The transporled in ground water at detectable concentrations.
sepniamn ot 2.-)-I)N" arid 2.b-DNT was adequate. but Because of the potential for interferences Io co-elute
separatioil, hen \me cn 2.6-DNT and 2-Am-DNT. 2-Am- with analytes and because of' the very low concentrations

I)NT and 4-Am-[)NT. and RDX and TNB were not ofanalytes t orwhich this etho1 d is applicable, we found

adequate under these conditions. A technique for it necessary' to use a continnation analysis. Jenkins et al.



0 ~Table9. Retention timesand capacity factors for LC-
a: 8primary separation and LC-8/LC.CN confirmation

co Retention Time (min) separation11s. The columns were eluted with 70.7!

HMVX (0.842) 27.8/1.5 (,v/v) H.,LO/MeOHITHFeluent, LC-8at 2.0
TNB (1.27) mL/min and LC-8/LC-CN at 1.5 mL/min.
ROX (1.44)

mO DN~lB (1 .78) Prna Recmw ujiu (mmn Capai it% 10t iol * (K'
z TNT (2.69)

2,4-DNT (3.57) o~dts L('.'; LC-SiLC'-C LC-N LC-S L('-CV
2,6-ONT (3.98)
2-ADNT (4.67) HM1X (0.74 6.74 2.12 11.6

4-ADNT (5.13) TNB 1.101 2.49 3.64 36
RDX 1.31 4.37 4.53 7.1-4
DNB 1.58 3.29 5.67 .5.13
TNT 2.401 4.93 9.13 S.AS

F_ 2.4D 3.24 6.13 (. 1.

I 2.6-DNT 3.61 6.69 14.2 11.5
V:m-N 4.56 9.011 (8.2 5 .8

C 4-Aim-DNT 4.85 9.23 19.5 (6.2

Potential ii)eeUc

lz TAX 0110( 1.77 11.27 2.311
zSEX 01.411 2. 65 (1.68 31.95
) -Bemene 2.24 3.71 8.45 5.91

TetrvI 31.511 9.19 1(3.8 16.1
NMono-NTs 4.1-4.5 7.11-7.6 17.1 12.6

Toluene 5.401 8.27 21.8 14.4

lCi~t actor i's Calculated on the unretal ned peak of K NO a(
0. 238 mm on m LC-8 and 11.537 on LC.8/LC-CN.
K'= I u- ,0P .
K'= capacit V laCtOr-.
I3,= IetelitOi1 lim 1611 a1nalyte (mn )n.
t' = ietention time ol KNO mmin)

0 2 4 6 HO at 20'C). The efficiency of a conventional MeCI,
Time (min) ex-traction for explosives was comipared to the salting-out1

extraction with ACN (Table 10). Six identical 400-mL
Figre . Pinurv vc'uivotiin /ic schuig-o'pru'- spiked watersamples were prepared at -2)p~g/L for five
duec'. analytes. Three were extracted with 20 niL of MeC!,and

Coumn: LC-8 (3.3 cm x 4.6 flu". 3 pin three with 130 0 of NaCI plus (X) mlL of ACN. The

EHow': 2.0.72.1. (~l i /vi ,/MO aqueous layers were analyzed by RP-HPLC. and thle
F/ot: 2. ,nLmi~ipercentage of each analyte remaining in thle water samnple

:254 ,i. 
Z

was detennined. The percent recovery was calculated by
difference 0. I (% remnaining). Based onl (-tests (cc = 0.05)

(0988b) demonstrated that the LC-CN reversed-phase the percent recovety forall ofthe analytes was significantly
column provided anl adequate separation forconfi rmat ion greater in ACN with (lie gireatest Improvemetnt Ii re-
of explosives in soil extracts. We found that by installing covety being RDX (59.6% with NMeCI, vs 94.2% with
an LC-CN columin (3.3 ctn x 4.6 mmi. 3 pim packing) inl ACN/NaCI).
senies with the LC-9 primary column and employing the Samples prepared in the laboratory using analytical-
same eluent at a flow rate of 1 .5 mL/min. the separation gr1ade water ate free of the backgr-ound materials and
was sufficiently different from the primary separatiot to compound,, that canl introduce matrix effects, in normal
be adequately used forconfirniation. The retention times, liquik - liquid extraction. Field samples may contain
for this separation represented inTable 9. Figure 5 isa ayn ilut fntrlo'!ncmte rilnlli
chromnatograrnof this separat ion for-the pimarii-itiyaltes. compound',. W nich CoulId interfeie wk i the anal vte deter-

mination or ilfect thie eti-action effictencies. When samn-
Characteristics of salting-out extraction ples. ai-e extr-acted ulsing(- the ;I alig-outI :'10iodure. 11hOSe

Mlethylene chloride ( MeCI, ) is Often used for- I ild.- mlatrix variations (tie to lioi streni"tl difIleCces shoul.1d
liquid extraction of water samples. While MeCl, is not be largely reduced. Thi~s is, because thle addition of lairge
miscible with water, it is relatively soluble (-1.6 g/l _ 1111Oanto ls of salt wkill overi~hei n tile initial sa It

9



Retention Time ( mm)

I T NB 2.50
2 DNB 3.30
3 RDX 4.35
4 TNT 5.00

6 5 2, 4- DNT 6. 15

1 2 6 2,6- DNT/H MX 6.70
7 2-Am-DNT 9.00
8 4-Am-ONT 9.25

4
5

3
7 8

L F I Ij
0 2 4 6 8 10 12

(m i)

Fi-iuie 5. C')iifii-nuiioii sep/Niiationioi /he Saiting -out prio(cdure.

Column: LC-81LC-CN sei-ies (both 3.3 cin x 4.6 in:. 3 pi)
Eluen,: 70.7/27.S/1.5 (v/v/v) H,O/MteOH/THF

Flow: 1.5 InUmi

X,: 254 nin

Table 10. Comnparison of miean p~ercent recoveries for
MeCI, and ACN/NaCI extraction.

RDX 59.6 0.26 94.2 0.76 1105

TNB Ks. 1 (0.56 97.1 1.70 12.3
DNB X9.8 (0.31 95.6 0.64 20.0
TNT 94.0 01.71 98.9 - 15.7
2.4-t)NT 94.4 0.46 98.0 0.47 13.5

Based on ilirce replicaies.

tTabu lar ivalute at 95''; conflidence Ic vet is 2.78.

....Variances 'etc po ited ei en Iltlllghl 111ey wer not homiogeneous.

Concentration. creating" effectively equivalent ionlic 2(XX) Iput/L. Aliquots of both samlplcs were extracted inl
strengths tbr all sanmples. triplicate using the salting-out procedure. The results are

Ani experimient was rtil to comipare the extraction presented inl Table 11 I Statistical calculations indicate that
efficiencie's for explosives anlalytes ill anlalyfical-grade thieexti-action eficienlcies wer-enot signiificanitlydif'fer-ent

watr t) hoe il at r ro n lcalrou n md water well .'The ((y = 0.05) f or any of the anal ytes tested.
s amlples wer-eti reated ileitically: JOG-tul ailiqutorsooth)i Ani experimient was conducted to detenmiine it matrix
reavettt-grale wiitetamid well waterwerc spiked with I .() eltects 11-0in Various Water sampllles affected thle pertor-
n ii, of a commnon spikIsingw solti on. The testmltiute samples mnance of this mlethixl. Ficure 6 shows three chromrato-
contained RI)X. ' h. NB1. TNT and( 2.4-i )Nl Fatit ierarri 5 r samples trotn three sources of water: reatYetit -



Table 11. Comparison of mean recoveries from Milli.Q and
well water samples.

Pinl- i ae vam les iii t wateri vipe f in iiv

A mlih. Mean*ii O Mde Mom*i O Mde /c ii nieais'

RDX 94.2 0.76 93.1 0.91 1.61
TNR 97.1 1.701 96.4 1.50) 0.56
DNB 95.6 (0.64 94.6 (0.7(1 1.83
TNT 98.9 (0.31 98.7 (0.21 0.93
2,4-DNT 98.1) (1.47 98.5 1.30 (0.58

Bas~ed on uiuee re'plicates.

Tabular I value at 951; Ci1fidCiiCC ICVC kli 2.78.

M 0

x x

0 Q -

z ZZ

(; 1 Cio

LF. Cutmuutdtcc uuh/vn 6 ttdiI ape/i/ac .Sadr sfzl n
C'i'-ac'c hiin.i 'z~'tgc~'nh'.jaetiilclle/wt
Fiuct.(tIl)~SliC I(ulaol)l.f .vi()czcrdi (a4/tglc( aciIli~li te
aiic cutnntdpuil(ai, llac nlCdb l'.atI) 'n A/lto),itu

eradez wae ad loa wel wae spke wt th nin twzttems rqetyepoe cde o
analytes o1 ineet and an atacoamnedel evintal mehos One is th CedDeeto
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u. ~ ~ ~ ~ ~ Bt ofiullltdil theseefiem prce tadures were h ponuce-o t
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Table 12. Summary of CRL, MDL and percent recovery results
for ACN/NaCI extraction and direct injection methods.

A.CN~t !Y vcuiic' (p,, L ),- Oh uujc IImiIw nicflw n L

.1 na/il.% CRL M L ' n t-' R .IL ,c ic

RDX 0.836 0.407 10) 14.4) 12.01 99.4
TNB 1.258 0.125 137 7.3 5.0) 95.3
DNB 0.108 0.144 99.1) 4.o 2.4 97.7
TNT 0.113 (0.25 1 88.8 6.9 2. 6 99.X
2.4-DNT (1.0)2(05 01.048 94. S 5. 7 15.7 1)00.5i
2.0-DNT (0.314 - 93.9 9.4 5. 1 9S.1
2-Ain-DNT (1.1349 - 1((2 - (8.0)
4-Amr-DNT 1(.1598 - (10-

USATHAMA ((987,
I-n eel Rkci.% ice (( 9S4).

Calclated from Nsleepc el cgesioni ofl fouI ~le/nd oICeeCIIII Ci0 )

JcenkinN e ;itd. (1I988a (.

conducted using a series of spiked samrples that were 0, from 0.0205 to 0.836 ptVIL, an average of about a factorof
0.5. 1. 2, 5. 10. 20. 50. RR) 2(X) and 5(X) timies a target 36 timies lower than thle CRI-s for thle direct injection
reporting level or each analyte. Identical sets ot samrples method. The salting-out extraction step gives a precon-
were processed and analyzed onl four consecutive days. A centration factor of I(M, which is partially offset by thle
reoression analysis of the data was conducted using inherently lower analytical precision obtained wvhen a
statistical soffiware provid xl by USATHAMA. Certified more-complicated sample pretreatment protocol is re-
reporting limits and p~ercent recoveries are shown inTable cluired. Thle CRLs, for RDX and TNT are well below thle
1 2 aloiu wih similar results for thle direct injectioni current 2-pgVL criterion established by the EPA (USEPA
proced.ure. 1988a. 1989). Thle CRLs for 2.4- and 2.6-DNT do not

Certified reporingil limits for the eight analytes range satisfy Current drinking water criteria for these two comr-

I< Z

CDK 0
Fi-,ure 7. Comnparison t4 a )4'ah'rsi .llp/C ulliiv:ca /rsv heth (fil('I
ilj41/ l ecill( II I ival it ,l itiiuds



pounds, and work continues to optimize this protocol to determination of the method detection limit. Code of
achieve st tficiently low CRLs for this application using Federal Regulations, Part 136, Appendix B, October 26.
RP-HPI.C. Grant, C.L., A.D. Hewitt and T.F. Jenkins (1989)

Comparison of low concentration measurement capa-
bility estimates in trace analysis: Method Detection Limits

SUMMARY AND CONCLUSIONS and Certified Reporting Limits. USA Cold Regions
Research and Engineering Laboratory. Special Report

A method has been developed to determine sub-pgL 89-20.
concentrations of nitroaromatics and nitramines in water Hertz, C.D., J.G. Schnable and I.H. Suffet (1989)
(App. A). The compounds of interest were RDX, TNB, Isolation of polar organic compounds from water using
DNB. TNT. 2,4-DNT, 2.6-DNT, 2-Am-DNT and 4-Am- salting-out liquid-liquid extraction systems. Preprint from
DNT. The method involves extraction of these com- American Chemical Society Conference, Dallas, Texas.
pounds by salting out ACN with NaCI. The extract is 1989.
further concentrated using a Kudema-Danish microcon- Jenkins, T.F., C.F. Bauer, D.C. Leggett and C.L.
centrator. The sample is analyzed by RP-HPLC with UV Grant (1984) Reversed-phase HPLC method foranalysis
detection (wavelength = 254 nm) using a Supelco LC-8 of TNT. RDX, HMX and 2,4-DNT in munitions waste-
(3.3 cm x 4.6 mm) column eluted with a ternary mixture water. USA Cold Regions Research and Engineering
of H,O/MeOH/THF, 70.7/27.8/1.5 (v/v/v). at 2.0 mL/ Laboratory, CRREL Report 84-29.
min. The whole separation was completed in under seven Jenkins, T.F. and M.E. Walsh (1987) Development of
minutes. The method hascertified reporting limits ranging an analytical method for explosive residues in soil. USA
from 0.02 to 0.84 pag/L and is applicable up to concentra- Cold Regions Research and Engineering Laboratory,
tions of 10 ltg/L. Above this concentration the direct in- CRREL Report 87-7.
jection method can be used. Jenkins, T.F., P.H. Miyares and M.E. Walsh (1988a)

This method is more labor intensive and more expen- An improved RP-HPLC method for determining nitro-
sive than the current RP-HPLC direct injection method aromatics and nitramines in water. USA Cold Regions
(Jenkinsetal. 1988a). However, the detection capabilities Research and Engineering Laboratory, Special Report
are much greater and the separation is better for both the 88-23.
DNT and amino-DNT isomers (Fig.7). Jenkins, T.F., P.W. Schumacher, M.E. Walsh and

C.F. Bauer (1988b) Development of an analytical meth-
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APPENDIX A: DOCUMENTATION OF PRECERTIFICATION CALIBRATION
IN USATI-AMA (1987) FORMAT

I. SUMMARY presented in Table A4. The LC-8/LC-CN series of col-
A. Analytes: The followiiig analytes can be deter- unins was shown to be satisfactory for confirmnation of

mined using (his analytical mnethod: RDX. I 35TNB. the primiary analytes.
I3DNB. 246TNT. 24DNT. 26DNT. 2ADNT and All of the glassware miust be meticulously cleaned
4ADNT. because of thle large preconcentration factor used. NaCI

B. Matrix: This method is suitable for the detennin- must be reagent grade or better and must have been
ation of nitroaromiatics and nitramnines in ground and stored ingolass bottles only (not plastic). Plastic containers
surface water samples. introduce unknown interfering compounds.

C. General Method: This miethod involves thle ex- E. Safety Information: Thle normial safety precau-
traction of a 400-mlL water sample by thle addition of tions appropriate to use of flamminable organic solvents
130cg of NaCI and 1(00 nL of acetonitrile (ACN). Upon should be employed.
phase separation. the ACN phase is collected. reduced
to 1.0 mLi by mneans of a Kuderna-Danish mnicroconcen- 'Fable Al. Concentra-
trator. then combined with 3.0) mL of water. Determnin- tion ranges for cali- Table A2. Tested con-
ation is by reversed-phase HPLC on anl LC-8 (3.3 cm x bration of analyte centration ranges of
4.6 mmn. 3 llm) columin eluted with a terniary eluent of standards. the analytes.

70.7/27.8/1.5 (v/v/v ) w ate r-miethianol-tetrahydrofu ran C' .111111 'y'
at 2.0 nL_/mnin. Detection is by UV at 254 nm. stmad (V,,L .Miml.% fp,,,L)

.11al~i o i Ili1/ Al~I iudv Lui,
II. APPLICATION

A.~ ~~ Cairto ag:Telna ag fec DX 2.01 10.037 R DX 0.0)10 1(M1)
A.CaibatonRage Te inarrageofeah 135TNB 2.01 10.0)26 135TNB 0.010 10. 0

analyte concentration forthis miethod is shown in Table 23DNB 2.00 10.013 1I DNB Q10( 10. ()

Al. 246TNT 2.03 6.0)79 246TNT 11.01o) 101.1

B.TstdCocntaio ane Tl rne feah 24DNT 2.00 10.014 '4DNT 0I.0)10 10.10
B.Tete CncntatonRage Te ane fech 26DNT 2.0)5 10.228 26DNT 0.0 10 10.2

analyte concentration over which thismnethod was tested 1ADNT 2.11 10,528 2ADNT 0.0I10 10. 0

is shown in Table A2. 4ADNT 1-1 __L4i 4A1)NT 0.12 12.4

C. Sensitivity: The response of the U V detector at k
=254 nin for each analyte is presented in Table A3.TalA3 estvvofU

D. Interferences: While baseline separation is lot ectrfrnaysatX25
achieved for 2ADNT and 4ADNT, resolution is suffi- mn.
cient so that the two can be determined simultaneously

if present at similar concentrat ions. It is not possible to V,,~II.M11tt Ibmhu, hu
.111JA WN lh% -1/u p, L I at (RI.

quantitate I-MX due to substantial interferences, intro- -______ .

duced by the salt. EPA monitoring requirements for Rt)X 97nx10 ..33X I0ll

F-IMX are 1.8nmidL (Mcellan et al. 1988) and theCRL_ TN B 1. 17x 10) l.2ox Il

for 1IMX using the dlirect inijectionl method is 13 p,/[ DNR I.4x 10 4.2oII
TNT :,

7 5x I10 ;.1
15k I

(Jenkins et a[. 1988), Thle monitorino requirements for 14DN r ~.K I. I() 4.76x 10

IHMX then are such that thie (direct injection mietnod is _1oDN 1 ",05, 10 4.ss II

adequate for I IMX determination. Thle retent ion tunies 'A2 \)N ,Sh-10 357. III (

1ADN I I (""In ( 1 4 02. 10for thie certified analytes as "ell ats potential interfer-
ences lor thie I (7-8 aind I .C-8/I .( '-('N separal ion.s are (1, 10,11" hosed, "n ' olC[111.111o



Table A4. Retention times and capacity factors CAS # 121-92-4
for LC-8 primary separation and LC-8ILC- 2.135TNB (l.3.5-trinitrobenzene)
CN confirmation separations. Columns eluted BP: decomposes
with 70.7/27.8/1.5 (v/v/v) H.,O/MeOH/THF MP: 122'C
eluent, LC-8 at 2.0 tnL/niin an~d LC-8/LC-CN Octanol/water partition coefficient: 15
at 1.5 mLlmin. CAS #99-35-4

Retegntion nine (min.) Capin it,- *,wImI K' 3. 13DNB ( 1.3-dinitr-ohenzene)
I u LC..5 LC.N.LC-C(N LC-S LC'-SL(C-('N BP: 302'C

MP: 1 22'C
SFX ".65 0X .68 3.95 Octanol/water partition coefficient: 31
TA X 11.3 1.77 (0.27 2.3(0 CAS #99-65-0
HMX 0.74 6.74 2.121 1.64.-4TT246trnioole)
RDX 1.31 4.37 4.53 7.144.2TN (246tntrouee
TNB 1.0 2. 49 ',64 3.64 MIP: 80.1 FC
DNB 1.58 3. .5.67 5. 13 Solubility in water: 130 mg-/L
TINT 2A0( 4.0)3 .;3 XI1 Octanol/water partition coefficient: 68
TeirN 1 3.5(% 9.19 13.8 16.1 CAS # 118-96-7
Ben/erie 2.24 3.71 8.45 .5.91 5. 24DNT (2.4-dinitrotoluene)
24DNT 3.24 6. 131 12.7 1(0.4
26DNT 3.61 6.69 14.2 11.5 BP: 3( 0 C (decomposes)
2ADNT 4.56 9.01 18.2 15.8 MP: 70'C
4ADNT 4.85 9.23 19.5 16.2 Solubility in water: 300 mg/VL
Toluene 5.4 8.27 21.8 14.4 Octanol/water partition coefficient: 95
Mono-NT, 4.1--4.5 6.97-7.55 17.1 12.6 CAS # 121-14-2
KNO, 0(. 2 3,8 ((.,;7

6. 26DNT (2.6-diniti-otoluene)
CapaciiN lacto is calculaited othle miirtciiied peaik of ~ MP: 66'C

tie Nantve11111 Solubility in water ()5'C): 206 mng/
tile)) eteltiiii te (Octanol/water partition coefficient: 97

1, 11cal reennll 111C f ficaalve (11i).CAS #606-20-2I= Mieani relent o ti1)e iii Invet ned K N(m(in I. 7. 2ADNT ( 2-amino-4.6-dinitrotoluene)

Octanol/water partition coefficient: 88.2*
III. APPARATUS AND CHEMICALS CAS #35572-78-2

A. Instrumentation 8. 4ADNT (4-anlino-2.6-dinitrotoluenie)

1. HPLC System: HPLC Spectra Physics SP88 10 Octanol/water partition coefficient: 81.5*

pumnp (or equivalent). an injector equipped with a I(X)- CAS # 1946-51 -0

p~l- injection loop and a Spectra Physics SP8490 UV C. Reagents and SARM
detector.set to 254 nm ioreqjul valenltvairiable wavelenthl I. RDX (SARM qual itv)
or fixed 254 nmn detector). The RP-HPLC column is 2. 135TNB (SARM quality)
eluted with water. methanol and] tetrahvdrofurati (70.7/ 3. 1 3DNB (SARM quality)
'-.8/1.5) (V/V/V I at 2.0 nil/min. 4. 246TNT (SARM quality)

2. Strip chart recorder (Linear 50X0 or- equivalent ). 5. 24DNT (SARM quality)
3. Dig-ital IInte-raltor (IHP3393A or equivalent) 6. 26DNT (SARM quality)

equipped with an external disc drive dIlPOI 14B or- 7. 2ADNT (reagent tyrade)

equivalent). 8. 4ADNT (reagent grade)i

4. Au.tosamrpler (optional) (Dynatech LC-241 oir 9. Methanol )HPLC irade)

equivalent). 10. Water (reagent -,rade)

5. LC-8 (Supelcwl RP-HPI.C colum1nn. 3.1 cmn x .Actnrie(-PCra)
4.6mm pm).12. Tetrahydrofuran )1-PLC grade)

B. Analytes IV. PRECERTIFICATION CALIBRATION
R 6 1. Preparation of StandardsRDX (hexahlydiro-1I.3.5-triniitro- I .3,5-triazine) Solid material ( SARNI or- reagent izrade) t or each

BP: decomposes analyte are dried to constant .% ei ght in Z'a vactum des-
MIP: 203.5'C
Solubility in water at 25'C: 60 migIL
Octanol/water partition coefficient: 7.5 Esltinied (Jeikiis 1989).
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sicator in the dark. Approxi- Table A5. Concen- with 6.00 mL of water in individual scintillation vials
mately 0.1 g (100 mg) of each trations of stock and manually shaken at least 10 times. The precertifica-
dried SARM or dried reagent standards for ini- tioncalibration standards areanalyzed singly in random
is weighed out to the nearest tial calibration, order. The acceptability of a linear model for each
0.1 mg and transferred to indi- analyte is assessed using the protocol specified in the
v idual 00-mL volumetric Ce,,i, USATHAMA QA Program (2nd edition. March 1987).
flasks and diluted to volume - Experience has shown that a linear model with a zero
with HPLC-grade ACN. Stock RDX 1(103.72 intercept is appropriate. Therefore, the response factor
standards are stored in a TNB 1 W2.60 for each analyte is taken to be the slope of the best-fit
refrigerator at 4°C in the dark. DNB 1()1.32 regression line.
Stock standards are usable for TNT 1013.2424DNT 1001.40
a period up to I year after the 26DNT 1022.0

date of preparation. The 2ADNT 701.87 V. PROCEDURE
concentration of each stock 4ADNT 765.70 1. Procedure
standard is presented in Table A. Separations: The separation of analytes is
A5. achieved by means of RP-HPLC employing an LC-8

Two identical combined analyte stock solutions (3.3 cm x 4.6 mam) (3 pm) column eluted with a ternaty
labeled A and AA are prepared by combining 2.00 mL eluent composed of 70.7/27.8/1.5 (v/v/v) of water/

Table A6. Concentrations of the analytes in the stock, combined and calibration standards (pg/L).

Lablel Level RDX TNB IDNB TNT 24DNT 26DNT 2ADNT 4ADNT

Stocks 1.004X)0 1.003(X)0 1.001.(X0 13.0(K) 1.00I.(X)( 1.023.A(X) 701.9(X) 765.7(X1
A AA Combined 20.100 20.1(1 20.0(X) 20,3(1 20.00M 20,500 21.1(0 23.0()
B BB 10.0(K) 1.1( 10,100 1 0.0( ) 1(.20( 1(.0(X) 10,3W0 10.6(g)1 1.50W

C CC 6.0)0 6.030 6.030 6.1(1X) 6.090 6.(X)() 6.150 6.330 6.900
D DD 2.000 2.010 2,01(0 2.(W(O 30 30 2.)O 2.050 2.11( 2.300
E EE I.0X) 1.010 1.010 I .(XX) 1.020 1.000 1.030 1.030 1.150
F FF 6Q) 603 603 600 609 600 615 633 690
G GG 200 201 201 200 203 200 205 21 I 230
H HH 101 101 101 100 102 100 103 106 115
I 11 60 60.3 60.3 60.0 60.9 60.0 61.5 63.3 69.0
S 11 20 20.1 20.1 20.0 20.3 20.0 20.5 2 I. I 23.0

K KK It 10.0 10.0 10.0 10.2 10.0 10.3 10.5 11.5
L LL 6 6.03 6.03 6(X) 6.09 6.(X) 6.15 6.33 6.90
M MM 2 2.01 2.01 2.(X1 2.03 2(X) 2.(15 2.1 I 2.31)

each of this RDX, 135TNB, 13DNB, 246TNT. 24DNT Table A7. Dilutions for calibration standards.

and 26DNT analyte stock standards, and 3.00 mL each Milion pal1/rn

of this 2ADNT and 4ADNT analyte stock standards in Series I Series 2 ,omenotratII.I
100-mL volumetric flasks and diluting with ACN. The Aliquot Aliquot Flask ,olallvteN
analyte concentration of solution A and AA are 20000 Sd (L) Sid wiL) (ino y, L)

lag/L. for all analytes (Table A6). Two identical series of B 25 of A BB 25 ofAA 510 1l..0(K
precertification calibration standards are prepared C 15 ofA CC 15 of AA 50 6.(O

following the dilutions presented in Table A7. These D Iof B DD 10 ofBB 50 200

standard solutions are labeled B through M and BB E 10ofB EE 10ol BB 1o M ( 0|

through MM. respectively. F 10 ofC FF 10of CC I ( 601

Precertification calibration standards are stored in a G I of A GG I of AA 100 200

H of B HH I of BB 10 I10refrigeratorat 4°C in the dark and are usable for up to 28 of C 11 I ol CC I(10 60

days. J I of D JJ I of DD 1(10 2(0

K I of E KK I of EE 100 M1I

2. Instrument Calibration L I ofF LL I of FF 10 6

A 2.00-mL aliquot of each precertification calibration M I ol ( %IM I ofGG 100 2

standard B through M and BB through MM is combined "See Table A6 for eact concentralii, for each anal% to.
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APPENDIX B: DOCUMENTATION OF CERTIFICATION
IN USATHAMA (1987) FORMAT

I. SUMMARY HMX due to substantial interference introduced by the
A. Analytes: The following analytes can be deter- salt. EPA monitoring requirements for HMX are 1.8 mg/

mined using this analytical method: RDX, 135TNB, L(McLellanetal. 1988) and the CRL for HMX using the
13DNB.246TNT,24DNT.26DNT,2ADNTand4ADNT. direct injection method is 13 mg/L (Jenkins et al. 1988).

B. Matrix: This method is suitable for the determina- Thus, current monitoring requirements for HMX can be
tion of nitroaromatics and nitramines in ground and met with the direct injection method. The retention times
surface water. for the certified analytes as well as potential interferences

C. General Method: This method involves the ex- for the LC-8 and LC-8/LC-CN separations are presented
traction of a 400-nL water sample by adding 130 g of in Table A4. The LC-8/LC-CN series of columns was
NaCI and 100 mL of acetonitrile (ACN). Upon phase shown to be satisfactory for confirmation of the primary
separation, the ACN phase is collected, reduced to I mL analytes.
by means of a Kudema-Danish microconcentrator, then All of the glassware must be meticulously cleaned
combined with 3 mL of water. Determination is by because ofthe preconcentration of the sample. NaCl must
reversed-phase HPLC on an LC-8 (3.3 cm x 4.6 mm, 3 be reagent grade or better and must have been stored in
pim) column eluted with a ternary eluent of 70.7/27.8/1.5 glass bottles only (not plastic). Plastic containers can
(v/v/v) water-methanol-tetrahydrofuran at 2.0 mL/min. introduce unknown interfering compounds.
Detection is by UV at 254 nm. E. Analysis Rate: In an 8-hour work day, 12 samples

can be processed and analyzed along with appropriate
II. APPLICATION calibration standards.

F. Safety Information: The normal safety precau-
A. Tested Concentration Range: The ranges of tions appropriate to the use of flammable organic sol-

analyte concentration over which this method was tested vents, hot plates and preconcentrators should be em-
are shown in Table A2. ployed.

B. Sensitivity: The response of the UV detector at X, =
254 nm for each analyte is presented in Table A3.

C. Reporting Limits: Certified Reporting Limits
(CRL) for the following A. Glassware/hardware
analytes were determined over I. 500-mL separatory funnels equipped with Teflon
a four-day period using the Table Bl. Certified stopcock (I/sample)
method of Hubaux and Vos as Reporting Limits 2. Volumetric pipettes: 200 mL (1). 100 mL (2). 50
describedintheUSATHAMA (CRL) for the mL( L).20mL(). 10mL(2).7mL(1).5mL (1).
Installation Restoration Pro- salting-out extrac- 4 mL (7). 3 mL ( 1), 2 mL (I). I mL (15). glass
gram Quality Assurance tion method. 3. Volumetric flasks: 250mL (10). 100mL(10)
Program (1987). CRL values C4L . Teflon-capped vial: 40 mLglass( 1/clear sample:
for tile analytes are presented Anahv,. t.L 2/turbid sample)
in Table B 1. 5. Scintillation vials: 20 mL., glass (2/sunlple)

D. Interferences: While RDX V.836 6. Autosampler ials: ,lass, Teflon-faced septa (1/
baseline separation is not 135TNB 0.258 sample)achevd or2ANTan 13DN B 0.105
achieved for 2ADNT and 24TNT 0.113 7. Disposable syringes: Plastipak, 5 niL (I/sample)
4ADNT. resolution is suffi- 24DNT 0,0205 8. Filters: 0.5-p.inMillex SR.disposable (I/sample)
cient so thaI fhe two can he 26DNT 0.314 9. Powder funnel: glass (1)
determinedsimultaneotusly. It 2ADNT 0.0349 10. Balance: accuracy (±0.01 g). capacity(> 15Is
is not possible to quantitate 4ADNT 0.0598 1I. Kuderna-Danish microconccntrators: 2.0-ml,
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receiving vessel. 40-mL flask. 10-cm distillation 7. 2ADNT (2-:uiino-4.6-dmitotoluene)
column (I/sample) Octanol/water partition coefficient: X8.2"

CAS #35572-78-2
B. Instrumentation 8. 4ADNT (4-amino-2,6-dinitrotoluene)

1. HPLC System: HPLC Spectra Physics SP88 10 Octanol/water parition coefficient: 8 1.5*
pump (orequivalent), an injector equipped with a I 00-pL CAS # 1946-51-0
injection loop and a Spectra Physics SP8490 UV detector
set to 254 nin (or equivalent variable wavelength or fixed D. Reagents and SARMs
254-nm detector). The RP-HPLC column is eluted with I. RDX (SARM quality)
an eluent comprised of water, methanol, tetrahydrofuran 2. 135TNB (SARM quality)
(70.7/27.8/1.5) (v/v/v) at 2.0 mL/min. 3. 13DNB (SARM quality)

2. Strip chart recorder (Linear 500 or equivalent) 4.246TNT (SARM quality)
3. Digital Integrator (HP3393A or equivalent) 5.24DNT (SARM quality)

equipped with an external disc drive (HP9I 14B or 6.26DNT (SARM quality)
equivalent) 7. 2ADNT (reagent grade)

4. Autosanipler (optional) (Dynatech LC-241 or 8. 4ADNT(reagent grade)
equivalent) 9. NaCI (reagent grade)

5. LC-8 (Supelco) RP-1-PLC column, 3.3 cmx4.6 10. ACN (HPLC grade)
crn (3 tm) 11. Methanol (HPLC grade)

12. Water (reagent grade)
C. Analytes 13. THF (HPLC grade)

1. RDX (hex ahydro- 1,3.5-trinitro- 1,3.5-triazine)
BP: decomposes
MP: 203.5°C IV. CALIBRATION
Solubility in water at 25°C: 60 mgIL
Octanol/water partition coefficient: 7.5 A. Initial Calibration
CAS #121-82-4 I. Preparation of Standards: Analyte material

2. 135TNB ( 1.3.5-trinitrobenzene) (SARM or reagent grade) was dried to constant weight in
BP: decomposes a vacuum dessicator in the dark. Approximately 0.1 gin

MP: 122°C (1X) mg) of each dried SARM or dried reagent was
Octanol/water partition coefficient: 15 weighed out to the nearest 0.1 i mg and transferred to
CAS #99-35-4 individual 100-rnL volumetric flasks and diluted with

3. 13DNB (1,3-dinitrobenzene) HIPLC-grade ACN. Stock standards are stored in a refrig-
BP: 302'C
MP: 122C Table B2. Dilutions for calibration
Octanol/water partition coefficient: 31 standards. All dilutions are in ACN.
CAS #99-65-0

4. 246TNT (2.4,6-trinitrotoluene) Aliquot Size ,7a.%h/1 t, (, nattm.'

BP: 280'C (explodes) Sil ont.i (,,L, (P L,
MP: 80.1°C
Solubility in water: 130 mgiL N 25 of N1 50 10.0001

Octanol/water partition coefficient: 68 P 5 of, N 5(1 .00

CAS# 118-96-7 R 10 ofN 10 1.000
5. 24DNT (2.4-dinitrotoluene) s Inof P 100 600

BP: 300'C (decomposes) -r I ol M 10 201

MP. 70 0C 1I 1 oN 100 100

Solubility in water: 3(X) mg/L v I of p 100 20

Octanol/water partition coefficient: 95 x I of R 100 -1 0

CAS #121-14-2 Y I of S 1001 6

6. 26DNT(2.6-dinitrotoluene) Z I of T 100

MP: 66'C *Sce AIC 131 IM cxacl c 11t' u h

Solubility in water (25'C): 206 ing/L,
Octanol/water partition coefficient: 97

CAS "606-20-2
* Estinaed (Jinkiiin I9 ')).
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Table B3. Concentrations of the analytes in the stock, combined and calibration standards (p-/LI.

Lob),' Lelt-i RA LVII 13.5 IX 1\1 41)N1 l6M 2110M4 4 (I).'.!

Sioc'ks 1..00 0 I 17. )00 1 .01,0 . 1( 0 1131000 1.00 1.)111 1.023.00))) 701.90)) 76i,7))
A A A Combined 20.1001( 20.100)) 20,00 20.30)) 200)0 20.51)) 21 I. 100 2.3.000)
B B B 10.000 10). 10) 10(,10)) 101.000) 111.20)) 1000)) 10.300 101.000 1 .501)
c. CC 6.,)0)0 1.03)) 0,.)) 0( .0)) 6.,090) 0)00( 0.15)) 6.3301 6.900
D7 DD 2.00) 2.01)) 2.010 2.0))) 2,0)3) 2.0)10 2.0)5l 2.1 10 2.30))
E E.E 1.000)) IM010 M 10 1.00011 1.1)20 .,000 1.030 1.030 1. 1 50
F FF 600) 60)3 60)3 600) 609 600 615 6.,3 69))
G G G 21)1)l 2011 2))) 200 2011 2))) 21)5 2)) 23))

I I 1 6)) 6)1.3 0)0.3 )).)) (60.9 6)).)) 01.5 6(;..3 69.))

i 1() 2)0.1 2)0.1 2)).)) 2)1.3 21).)) 11.5 2)1.) 213.0
K KK 10 10). 0 10). 0 10.0 101.2 101.0 110.3 1). 1 1.5
L L 1. 60.1)3 6.1)3 6.11) 6.1)9 6.11) 6. 1 6.3'3 6.90
NI MIM 2 1.0) 2.) ))21 2.20)1 2.1)5 2.11 23

erator- at 4"C inl thle dark. Stock standar-ds ar-e usable for Lip nil- volumletr-ic flask and diluting: to volume with ACN.
to I Near alter- thle dlate of pr-epar-ation. The concentr-ation The coilceiltr-ations of thle analytes inl solution MM ar-e

each stock standardc is pr-esented inl Table A.5. listed inlTable B4. The daily calibr-ation standar-d (labeled
A combined anial'.te stock solution labeled M is pi-e- NN) is pr-epar-ed by pipetling 25 imL OtsoIlutionl MM intIo

par-ed hN comvbining 2.00 iiL each of the RDX. I 35TNB. at 50-ml- volumetr-ic flask and diluitine~ to volume With
I 3DNB. 240TNT. 24DNT and 26DNT analyte stock ACN. The analyte concentrations inl solution NN are

standids. and 3.(X) ml, each of the 2ADNT and 4ADNT listed in Table B4. Thedaily calibr-ation stanldard soIlution
aniNt soc tadad i aI00-mlL volumietr-ic tlask and is stor-ed in a r-efick-erator- at 4'C inl thle dar-k and is, usable

dilutinLe xk itli ACN. Thle analyte conlcentr-ationofso1lutionl for- 28 days.
A , -20.(X)0pg/L for- all analvtcs (Table 133). A sei-ies of 2. Istrumental Analysis: For- analysis. at 3.00-nlL

calbraionstndads repr-epar-ed following the dilutionis aliquot ofsolution NN iscombhined wsith 9.(X) mLof water-
nresenited ill Table 132 and labeled N thrIough Z. r-espec- inl a scin-tillation vial and shaken (b\ hiand). This dilution

Calbra io stndrdsatestoedin a refikerator at 4C soIlution is analyzed ill (10171icate at thle be'ininll of each
Ill tile LMk . al-e uIal ~-Lp to -1 -yoaayssn j),J il i dpint aind at thie eild

da'. N. of each day ofatialysis. Response factors, for each anal' te
.histrutuet Calibr-at ion: A 2,00-ml- al iquot of aieobtained fr-om the menpeak height wi uk aie

each cal brat oiltl stan1darld N throucll-11 Z is, conibinled With 'A' ith thle r-esponlse tactors obtainted forth le inli Itil cal i brationl.
(09) Ml oh %%4,) ler ill i nd ixidua I sci nIi I tion ' ials and The tmean t-esponse fati o [lite da idI' calibration
shIaken 'A kli (b\ hand). The calibr-at ion standlads at-e must agnree with in ±251/( of Thle r-esponse falctor- of the
anlal\ led ill dup)ldIe ill random or-der., The accelptabil itN
ot Ica iosle! toIC ea1chI1 alaly te IS asseSSed uIsinlg thie

(spec) l10-1ied in t 1 t'SA\TlIAMA QAI Program tii(21l(1 Table B4. Concentrations of
edition. Mar-ch 19~87)I. Es perielle has shownl that at linear- combined analYte calibration
model 'A itlia 1ecm illiclcept is appr-opriate. Ther-efor-e, thle solution (MM) and dajl~ cali-
respoilsc ItIactlo itr each1 ilalste is taken to be thle slope of' lbration solutioni (NN I.

:hc i~t-h le' )Cletcsio)1 lIle.

1. i-cparatton of, Stanldards: Stock stanl dar ds for RDN 100. so -4M11
-,%, 1 111ak le ale prep~ated inl anl identical manni-er to that 1351>41 I 11)23 M)21 40)))

dICs, I I tot- thle Illit.11Ci clibrat ion above. The )tHelltl-a- 2 13D 13 00 II))) 1 4)11)

now,. (o ihc stoL k Ntiwl(liids mie p~ileecd in'T'able 13-1. A 24d)N1, 1011 54) 4 )

pie ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' Da db\Lm ))11)4.(11Lo4 N stcsiaiad2.'UN t 999j, 97~o lws
and 2.M( l. each of RI)X. 1.351'NB. 13DlN B. 246TNT. IAD .. I 62) ,920l .4960)

241)NT. 21DN'T'and 2A1)NT stock standards il at 25(0-



initial calibration for thle first seven daily calibrations and stocks and comibined and spiking Solutions are stored in a
within two standard deviations of the initial cal ibration for refri cerator at 40C in the dark. Stock solutions are usable
subsequent calibrations, up to 1 year after the date of preparation. Combined

If thecr-iter-iaare not mect. a new initial calibr-ation miust solutions and spiking solutions are usable for up to 28
be obtained. days.

B. Preparation of Certification Samples
Eleven 400-mlL volumes of Milli-Q waterare pipetted

V. CERTIFICATION TESTING into 500-il- separatory funnels (10 spiked samples and
one blank). A I .00-ml- aliquot of the appropriate spik ing

A. Preparation of Spiking Standards solution (PP throughi ZZ) is added to each sample. The
Individual analyte certification stock solutions are samples are shaken vigorously by hand. A 1 30- sample

prepared in the identical manner to that described for the of NaCI is added to each sample, and thle samples are
calibration stock standards above. A combined analyte shaken until the NaCI has complctely dissolved. Once
certification solution labeledt"PP is prepared by com-bining dissolved, a I 00-rnL volume of ACN is pipetted into each
2.0) fil of RDX. I 35TNB, I 3DNB. 246TNT. 24DNT. samnple. andthe samnple is shaken vigorously (by hand) for
26DNT and 2ADNT certification stock Solutions and 5 minutes. venting as needed. The sample is allowed to
4(0) fil of 4ADNT certification stock solution in a 250- stand for 30 minutes to allow the phases to separate.
mnL volumietric flask and diluting with ACN. A series of The aqueous layers (lower) are drawn off anddiscarded.
spiking certification solutions is prepared in thle manner The .ACN layers (tipper) are collected in a 40-ml- vial. A
outlined in Table B5. Concentrations of analytes in thle 5.00-miL aliquot of fresh ACN is pipetted into each
spiking solutions are presented in Table B6. Certification separatory funnel to rinse the walls of the funnel and is

then combined with thle collected ACN extract. The
Table 115. Dilution outline of certifi- collected ACN extract is examined for large water drops.
cation spiking solutions.:-: All dilutions If any are present. they are removed with a Pasteur pipette.
are in acetonitrile. Each ACN sample is transferred to a Kudema-Danish

microconcentrator. Thle volume is reduced to less than
Aliq~uot Si:t' ojflask rnL. Thle volume is then brought up to 1.0 nl- with fresh

Sr'/oo1"o Level (nL (JiL) ACN. The sample is then combined with 3.0 mL of Milli-

QQ 500N 25 of PP 50Q water in a scintillation vial. Thle ACN-water sample is
RR 200X 2(0 ol'PP 100) poured down through the Kudema-Danish system to
Ss l00N 10 of, PP l100 rinse the sides of the glass. then returned to thle vial. The

77 5X 5 of PP 100) sample is then filtered through a Millex SR 0.5-ptmn filter-
LT 2t0N 2 of PP 100) into a clean scintillation vial.

VN' IN I of, PP l10)
W W 5SN I of QQIOO
X" 2N 1 ol'RRI100
YY N I of- SS 100) VI. SAMPLE HANDLING AND STORAGE
ZZ 0I.S. 1 ot'TT 100

*ConcentrationN oi aiNlves in the cenilication A. Sampling Procedure: In collecting the samnple. thle
',Pik Ing SoluIIloll' ale listed in Tabte B6. sample container is rinsed three times with sample wate-.

Table B6. Concentrations of certification stock combined and spiking solutions.

Level /?i)V /35/NI? /3/N/I 2.Th/Ny IrD 2WAD I -2ADNr 4.,Vr

Stoc). i1004,0001 10112.0001 Itt.01.100 1,013.0001 10)1,000 1.023.000/ 999.600 620.WX0
PP ~ 8.032 X.020 80) Ntl .10 it) 1.0 8.180 8.0W8 9.920
QQ SOX 4.020 4.10 4.010 4,060 4.0 U0 4.090 4.000 4,960
R R 20IOX 1.610) 1'0 .600t.0) 1.620 1.6WX 1,640 1.6WX t ,980)
SS MOIN 8103 80)2 801 Nil 801 81Is 900 992
TT 5IIX 4012 401 4011 406 401 409 40)0 496
Ut) 20X 161 1601 160 162 160/ 164 160 198
V V I Ox 80.3 8(0.2 80.1 81.1 80). 1 81.8 80.0 99.2
ww 5X 40.2 40.1 401 40)6 401 401.9 40.t0 49.6
XX 2X 16.1 16.0 l6.l 16.2 16.10 16.4 16.0) 19.8
'1Y X 8.013 8.0)2 XII01 8.11 9.1 S.1 s 8.1)0 9,'
7.7 0t.5X 4.112 4.0)1 4.1 4.06 4.1 4.1)9 4.100 4 .90



Retention Time (min)

I TNB 2.50
2 DNB 3.30
3 RDX 4.35
4 TNT 5.00
5 2,4-DNT 6. 15

1 2 6 2,6-DNT/HMX 6.70
7 2-Am-DNT 9.00
8 4-Am-DNT 9.25

4
5

Figire B . Confirmation separa-

3 tion for the sa/tin g-out/)rocedure.
8 Column: LC-8/LC-CN series

(both 3.3 c mx 4.6 mn,
L 3 Pin)

-- Eluent: 70.7/27.8/1.5 (v/v/i)

I I I HO/MeOH/THF

0 2 4 6 8 1 0 12 Flow: 1.5 mb/min

(mi n) k: 254 nn

then filled to the very top of the container and capped. large water drops. If any are present. they are removec
B. Containers: The sample container is an amber with a Pasteur pipette.

glass bottle equipped with a Teflon-lined screw cap. The extract is transferred to a Kudema-Danish micro-
C. StorageConditions: Samples in the fieldarestored concentrator. The volume is reduced to less than I i",

in coolers in the dark that are kept cool with ice or cold then brought up to 1.0 mL with fresh acetonitrile. The
packs. Samples in the laboratory are stored in a refrigerator sample is then combined with 3.00 mL of Milli-Q water
at 4°C in the dark. in a scintillation vial. The sample is poured down through

D. Storage Limits: Samples must be extracted within the Kudema-Danish system to rinse the sides of the glass.
7 davs ofcollectionandextracts analyzed within 30days. then returned to the vial. The sample is then filtered

through a Millex SR 0.5-in filter intoaclean scintillation
VII. PROCEDURE vial.

B. Determination: Detennination of the analvte con-
A. Preparation of Samples: A 4(X)-mL volume of a centration in the sample solution is obtained by RP-

water sample is measured by graduated cylinder into a IIPLC-UV at k = 254. A I 00-ItL sample is injected onto
500-mnL separatorv funnel. A 130-1 sample of NaCl is an LC-8 column eluted with 2.0 ml/n of 70.7/27.8/1
added to the sample. and the sample is shaken until the I v/v/v)iwater/methanol/THF.iRetentiontimes uncapacit\
NaCI has completely dissolved. Once dissolved, a 10(- factors for tie analvtes of interest ani a number of
mL volume ofacetonitrile is pipetted intotne samnple. The potential interferences are presented in Table A4 for b)ti
sample is shaken vigorously (by hand) for- 5 minutes. LC-S. the primary column, and LC-S/LC-CN series. the
venting as needed. The sample is allowed to stardt for 30 cotllllnation colun. Chronatograms obtained for the
minutes to allow tile phases to separate. primary analytes arc shown in Figures A I and B,.

The aqueous layer(lower) is drawn off and discarded.
The acetonitrile layer(upper) iscollected in a 40-mL vial.
A 5.(X-nL aliquot of fresh acetonilrile is pipetted into the VIII. CALCULATION
separatorv funnel to rinse the walls of the funnel and is
thllen combined with tile collected extract. If tie collected A. Response Factors: Since a linear calibration curve
extract is turbid, it is centrifuged at 40() rpm for 5 with a zero interccpt is to be expected, calculations of
minutes. The acetonitrile extract is drawn off tile cen- results on a dail\ basis are obtained using response
trituged sample bv Pasteur pipette and transferred to a factors calculated for each analvte. The mean response
clean vial. The acelonitrile extract is then examined for (R ) for eachi anavt ve from repeated deterinaltions of
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Table B7. Initial control limits for percent recoveries from duplicates certifi-
cation samples t10X) and certification samples (2X) using three-point moving
averages.

INT RI)X l)NIJ TNT' 241DNT 21)N1 2.1D.V 4ADNI

a. Duplicates certification samples (lOX).
1"0*1 Itl'O1

IJWL I80.8 104.6 128.3 109.3 115.3 114.4 116.9 116.7

;CL 198.0 106.4 146.6 119.8 129.1 127.8 127.9 129.0
1,W1. 112,7 97.3 55.4 67.0 ,60.6 61.1 73.3 68.1
LCL 95.5 95.5 37.0 57.1 46.8 47.7 62.3 55.9

For r.ange
tlWI 68.4 7.3 73.2 41.9 55.0 53.5 43.8 48.8
UC[. 89.0 9.5 95.2 54.6 71.5 69.6 57.0 63.5
ICI 0,0 0.0 0.0 0.0 0.0 0.0 0.01 0.)
LWI. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.)

b. 2X certification samples using three-point mning a% erages.

UWL 176.9 170.9 132.7 122.4 119.7 111.2 125.0 120.0
UCL 178.5 190.0 142.1 131.6 125.1 116.9 139.4 128.2
LWI. 170.4 94.4 94.9 85.7 98.4 88.6 07.3 S7.2
LCL 168.8 75.3 85.5 76.5 93.1 82.9 52.9 79.0

U Wl, 9.8 115.0 56.7 55.2 32.1 34.0 86.7 49.3
cl 12.2 144.4 71.3 69.3 40.3 42.7 108.9 61.9

LCL. 0.0 0.0 0.0 010 0.0 0.0 0.0 0.0
hWL. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

solution P is obtained in peak height units. The response standard Shewha, X- and R charts for tie duplicate high
factor (RF) for each analyte is obtained by dividing the spike(Table B7a)andnoving averageX andRcharts for
inean response by tle known concentration (C) in units of the single low spike (Table B7b). Details on the chalirt

procedures required are specified in USA TIJAMA QA
Program (2nd Edition. March 1987).RE = 1 .

C
B. Analyte Concent ration: The conce nt rations (p gI) X. CERTIFICATION OF NON-SARMS

of each analyte (C ) are obtained by dividing the response The 2ADNT and 4ADNT were obtained from Dr.
for each analyte (R,) by the appropriate response factor David Kaplan. U.S. Anny Natick Laboratories (Natick.
(RF). then div iding by the preconcentration factor of4(X): Massachusetts). These materials were not SAR Ms but

Ad- - 400. Table B8. Top ten fragments
'RFz of mass spectrum for 2ADNT

and 4ADNT.

IX. DAIIY QUALITY CONTROL 2.ON,\I 4.V1I

A. Control Spikes: Spiked water samples are pre- Rc,1111, R,'nii,

pared asdescribed forClass I method in the USA THAMA .. .. ...
QA Program (2nd Edition. March 1987).Thisrequircsthe Is) I)n Is I1)

use of a method blank, a single spike at two times the I t) 75 S 17 6))

certified reporting limit and duplicate spikes at ten times 78 o4 104 51

thecertified reporting limit foreach analytical lot.Control 104 41 78 33

spikes are prepared using the appropriate spik,1ing solttin 77 31 1 3))

in an identical manner as described in Section V. 51 26 77 _24

B. Control Charts: The control charts required are 115 23 51 22

described for Class I methods in USATHAMA QA Pro- 134 19 93 17

gram (2nd Edition. March 1987). This will require use of 133 17 94 15
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their purity was verified by GC/MS. The 2ADNT mass matics and nitramines in soil. Ph.D. Thesis. University of
spectrum (Fig. B2) was verified against the Hewlett New Hampshire.
Packard mass spectrum library entry number #16458: 3. Jenkins, T.F., P.H. Miyares and M.E.Walsh. (1988)
Benzenamine, 2-methyl-3.5 dinitro-. The top ten frag- Al improved RP-HPLC method tbr detemining nitro-
ments are presented in Table B8. Although a standard aromatics and nitramines in water. USA Cold Regions
massspectrum(Fig. B3) for4ADNT was unavailable, the Research and Engineering Laboratory. Special Report
mass spectrum obtained was consistent with the structure 88-23.
of the compound. The top ten fragments are presented in 4. McLellan, W., W.R. Hartley and M. Brower (1988)
Table B8. Health advisory foroctahydro- 1,3.5.7-tetranitro- 1.3.5.7-

tetrazocine. Office of Drinking Water. U.S. Environ-
mental Protection Agency. Washington, D.C., August.

XI. REFERENCES 5. Spanggord, R.J., B.W. Gibson, R.G. Keck and G.W.
Newell (1978) Mammalian toxicological evaluation of

1. Hubaux, A. and G. Vos (1970) Decisions and detec- TNT wastewaters. SRI International, Menlo Park,
tion limits for linear calibration curves. Analvtical California, vol. I.
Chemistr', 42:8 49-855. 6. USATHAMA (1985) U.S. Army Toxic and Hazard-
2. Jenkins, T.F. (1989) Development of an analytical ous Materials Agency installation restoration program,
method for the determination of extractable nitroaro- quality assurance program. Aberdeen Proving Ground,

Maryland.
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